Our previous studies showed that co-deposition of refractory metal improves the properties of Ni-P films, so in this study we examined electroless Ni-W-P and Ni-Mo-P alloy films as alternatives to Pd films. High heat-resistance is necessary in the intermediate layer of printed wiring boards. The ternary Ni alloy films exhibit high heat-resistance properties. 
Introduction
Currently printed wiring boards (PWBs) are widely used to mount electronic parts such as IC chips and passive devices. Copper wiring is generally used for PWB, and
Ni and Au films are plated on the Cu pads for wire bonding. In recent years miniaturization of electronic equipment has become an important design goal, especially portable equipment such as cellular phones. An electroless plating method has been investigated as a replacement for electroplating, to miniaturize PWBs by eliminating the lead wiring. However, stable electroless Au plating baths commonly contain a cyanide type constituent, which usually leads to a displacement reaction. Thinner Au layers are preferable for cost reduction. However, for wire bonding, a Au wire is connected to the plated Au film surface. The surface condition of the plated Au film is quite important for obtaining the proper wire bonding strength [1] for this Au-Au connection. Both soldering and wire bonding are generally used simultaneously on the same printed wiring board. The solder is usually heat treated before wire bonding. The heat generated in the soldering process causes the Ni to diffuse into the Au film and causes the Ni to reaches the surface of the Au film. The existence of Ni on the Au surface weakens the wire bonding strength. [2] [3] [4] Much research has been performed on the effect of electroless Pd plating between Ni-P and Au in preventing Ni diffusion. [5, 6] For these reasons, the effects of electroless ternary Ni alloy films on wire bonding strength were examined in this study. Surface morphology and surface analyses were done by using field-emission type scanning electron microscopy (FE-SEM), auger electron spectroscopy (AES), and X-ray photoelectron spectroscopy (XPS).
Results from this study indicate that use of electroless ternary Ni alloy films makes it possible to reduce Au film thickness, from 0.25 μm to 0.05 μm.
Experimental
A conventional FR-4 grade material was used as a base substrate. [7] and electroless Ni-Mo-P alloy films [8] were created, as shown in Tables 2 and 3 . These were formed between the Ni-P underlayer and the immersion Au film at 0.2 μm thickness. The AES spectra measurement conditions are shown in Table 4 . Surface profiles were analyzed by an X-ray photoelectron spectrometer (AXIS ULTRA DLD, Kratos Analytical Ltd.) using monochromatic Al K (alpha) at 1486.6 eV as the X-ray source and Anode HT at 15 kV with 5.0 × 10 -10 Torr. for the sample with combination of Ni-P and thick Au. On the other hand, no local corrosion is seen on the Ni-W-P
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and Ni-Mo-P alloy film surfaces. Therefore, the new intermediate layer suppresses the local corrosion that follows Au plating. 
